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During the course of meibomian gland dysfunction (MGD) treatment, meibomian gland massage is an effective 
auxiliary method. Based on an extrusion method using anti-phase massage rollers and a theory on envelope plane, a 
massage mechanism was proposed in this paper for the defect of the traditional mechanical assist massage structure 
to discharge obstruction of Meibomian gland more smoothly and to enlarge massage coverage. Meanwhile, for the 
case that the power of motor was signifi cantly limited by size, an evaluation, about the input, output and loss, was 
carried out to initially verify the feasibility of the designed mechanism.
meibomian gland massage, anti-phase rolling, enveloping movement, power evaluation
上下眼睑反相滚压及包络运动的睑板腺按摩机构
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Fig.1 Image of massage rollers' common structure     
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Fig.2 Motion cycle of half-roller anti-phase rolling
图3 眼睑表面结构及睑板腺范围图[12]
Fig.3 Image of eyelid surface and meibomiangland region[12]
图4 包络按摩结构原理图示
Fig.4 Diagram of enveloping massage movement
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Fig.5 Design drawing of the massage mechanism
图7 按摩过程的负载简化模型
Fig.7 Simplifi ed model of power while massaging
图6 纵向按摩机构图示图
Fig.6 Image of endwise massage structure 
P负载=M负载ω 1=[iN总 ●  µ 1R上辊+(1-i)N总 ●   µ 1R下辊]ω 1
≤ N总●  µ 1R上辊 ●  ω 1=1.6N总  µ 1R上辊 ω 2
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 摩擦系数为：µ 1-按摩辊与气囊，µ 2-塑料与塑
料，µ 4-碳钢与塑料。




 POUT = P负载+P损耗-壁+P损耗-轴
 假定按摩压力N总为500 mN，ω 2=3 rad/s，并代入




出转矩为25×10-5 kg●  m。计算中，直齿轮渐开线齿
轮的外啮合效率[1]为0.99，由图5所示，齿轮组的级
数为三级，则齿轮的传动效率η=0.993≈0.97。则计算













≤ 1.6N总   µ 1R上辊ω 2+kN总 µ 2 —————————Rω 2
+1.6√N总2+G总2 ●   µ 4r轴ω 2
 其中气囊与按摩辊之间的力如上文所述为N总，
方向相反。 N 支承与按摩模块总体质量相关，令
N 支承= 4 0  m N，使之远大于正常值，以作估算。
POUT横向=P损耗-气囊+P损耗-气囊=(µ 1N总R内+µ 2N支承R外)ω外
 根据设计尺寸，可知                 ，为相啮合的
齿轮齿圈中径的反比。代入已知量后，得到
     POUT横向=0.147×10
-5
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图8 横向上的扫掠运动受力分析图示






 P损耗-支承=f外 R外 ω外=μ2N支承R外 ω外
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